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Filed June 26, 1968, Ser. No. 740,332 
Int. Cl. G01r 31/08 

US. Cl. 324-52 10 Claims 

ABSTRACT OF THE DISCLOSURE 

Ground fault or insulation fault and joint continuity 
faults electrical detecting devices for large, extended plants 
and installations. Detecting localizing and continuously 
supervising devices extending over both ungrounded and 
grounded A.C. as well as DC. systems having further 
current carrying zero Wires. A system for detecting and 
locating disturbance sources or faults in the running of 
a plant and in the surroundings before the faults have 
grown or advanced into injuries, by making use of protec 
tive conductor circuits of the live electric networks of the 
plant. 

BACKGROUND OF THE INVENTION 

The invention relates to improvements in electric sys 
tems disclosed in applicant’s US. Pat. 3,031,613 dated 
Apr. 24, 1962 and Canadian Pat. 657,832 dated Feb. 19, 
1963. Patent applications corresponding to the present 
US. patent application were ?led in Canada, Feb. 18, 
1963, application No. 869,052 (now Pat. No. 795,922, 
dated Oct. 1, 1968), in Sweden, application No. 4,5 19/ 62, 
Apr. 23, 1962 (now Pat. 305,259, dated Jan. 30, 1969), 
in Norway, application No. 2,771/ 68, ?led July 12, 1968, 
in Finland, application No. 2,138/68, ?led July 29, 1968 
and in Denmark, application No. 3,427/ 68, ?led July 15, 
1968. 

SUMMARY 

Objects and advantages of the invention will be set 
forth in part hereafter and in part will be obvious here 
from or may be learned by practicing the invention, the 
same being realized and attained by means of the instru 
mentalities and combinations pointed out in the appended 
claims. The invention consists in the novel parts, con 
struction arrangements, combinations and improvements 
herein shown and described. 

It is an important object of this invention to provide 
contrivances for detecting and locating a ground fault in 
continuously running industrial plants as soon as pos 
sible and as long as such a leakage to ground is only 
single poled. 

It is another object of this invention to provide for 
improved means for centralizing a consistent control of 
the energized electric networks of such industrial plants. 
A further object of this invention is to provide electric 

means of various frequencies for the continuous super 
vision of the condition of the networks including indicat 
ing means for detecting of poor contacts, beginning in 
sulation defects causing rising temperatures, smoke, ?res 
and the like. 
Yet another object of this invention is to provide for a 

plurality of parallel arranged disturbances neutralizing de 
vices in such networks in order, among others, to increase 
the sensitivity and reliability in fault-detecting and 
locating. 

Furthermore, it is an object of this invention to provide 
for new and useful means and combinations of means 
for indicating electrochemical disturbance and register 
ing electric leakage faults in such plants. 
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Various further and more speci?c purposes, features 

and advantages will clearly appear from the detailed de 
scription given below taken in connection with the ac 
companying drawings which form part of this speci?ca 
tion and illustrate merely by way of example one embodi 
ment of the device of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following description and in the claims, parts 
will be identi?ed by speci?c names for convenience, but 
such names are intended to be as generic in their appli 
cation to similar parts as the art will permit. Like ref 
erence characters denote like parts in the ?gures of the 
drawing, wherein 
FIGS. 1A and 1B show a diagram with complete ref 

erence characters of the arrangement according to the 
invention, applied to a high- or low-ohmic grounded 
three-phase, four-Wire A.C. network including a zero wire, 
and using four- and ?ve-wire cables with internal metallic 
covers; and shows also an overhead line; 
FIGS. 3A and 3B and 4A and 4B show the diagram of 

FIGS. 1A and 1B, but with several reference characters 
removed for clarity; and 
FIGS. 2A and 2B show a diagram with complete ref 

erence characters of the arrangement according to the 
invention but applied to a high- or low-ohmic grounded 
three wire D.C. network including a zero wire and using 
three- and four-wire cables and an overhead line. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now in more detail to the drawing illustrating 
a preferred embodiment by which the invention may be 
realized, there is in FIGS. 1A and 1B an arrangement for 
signalling, tracing and locating a leakage in energized 
electric networks applicable to a three-phase four-wire 
system, having three phase-wires and a current carrying 
zero conductor. FIGS. 1A and 1B also show new details 
and arrangements, most of which may additionally ‘be 
used also in connection with the systems as described in 
my Pat. No. 3,031,613, dated Apr. 24, 1962. 
The neutral point of said network may consist of the 

impedence 56 either low- or high-ohmicly, connected to 
the protective conductor system 6, 6a, that is, to the 
leakage current conductor systems, corresponding to the 
net voltage size and prescriptions of applicable elec 
tricity safety regulations; said protective conductor sys 
tems having low-ohm grounding if said regulations so 
prescribe. FIG. 1A shows a low-ohm grounding electrode 
14a connected in one place 14, 16 to the leakage current 
bus bars 6, 6a of the switchgear. The protective conductor 
systems of the network thus are shown low-ohm grounded, 
but the shown grounding of the neutral point It can sym 
bolize both low- and high-ohm grounding, and FIG. 1A 
thus symbolizes, and is applicable to a grounded as well 
as an ungrounded or high-ohm grounded electric line sys 
tem, and the function of this invention is principally in 
dependent of whether said point n is a neutral point or 
not. 

FIGS. 1A and 18 also show single-phase connections 
of load objects not only conventional in two-phase wires 
of the network, but also, as for instance, according to 
Swedish practice, connected to one phase wire and a 
“zero-wire,” a neutral conductor, the latter being con 
nected to current carrying (live) zero-bus bars in dis— 
tributing boxes and to the current carrying (live) zero-bus 
bar in the switchgear, said zero-bus bar being directly 
connected to the neutral point of the power source. 
According to FIGS. 1A and 1B the electric fault locat 

ing and controlling systems consist of the following de 
tails. The bus ‘bars RST of the power source 1 are provided 
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with a live fourth bus bar, the zero bus bar, labelled 0 
(zero), and the primary winding of the transformer 1 is 
shown in triangle connection by way of example. In the 
cell a is a resistor 56, described as follows, and further 
there is an automatic breaker 59 with its coil 57 and 
switch 58, the poles of the breaker 59 being shunted to a 
control neon tube 71 over the one branch 53, 54 of the 
throw-over switch 5. The breaker 59 is connected in series 
to a current-limiting device, such as a resistor, reactor 
or impeder 56, serving also as a shunt to the millivolt- or 
voltmeter 18, said breaker 59 and resistor 56 in series 
connected in 17 to the neutral point 11 of the power source 
1 by means of the conductor 60, and to the bus bars of 
the leakage current wires 6 and the cable sheaths 6a at 
their joint connection 14. 

In the cell a, 103 denotes a megohrn-metering instru 
ment in series to a switch 104 connected to 17 and 14. 
The elements 20a, 2011a and 19a, 19aa represent an ampli 
?er and a bus bar transformer respectively. 

In the cell a, there are three resistors (or reactors or 
impeders), 66 (to only one of which is given a reference 
character for clarity), each of them fed by a direct cur 
rent signal source, shown as rectifying and reversing de 
vices, are the recti?ers 67, 67a; there being three alternat 
ing current signal sources 68 (to only one of which is 
given a reference character for clarity); the said sources 
consisting also of condensers or batteries, operated for 
reversing by the throw-over switches 69, 69a, each of them 
or both in the same polarity. The selector switch 21 is 
provided with other contacts 73, 74, 75. Element 14a 
denotes the ground electrode. 

Furthermore, in the cell a, 49 denotes a throw-over 
switch, and 50' are contacts operated by 41. Elements 47 
and 48 are general symbols for recti?ers which also may 
consist of electronic tubes or transistors. Element 45 sym 
bolizes principally an apparatus with an interrupting func 
tron. 

In the cell b the terminals 116a and 117a exemplify 
using of the resistance of a length of a cable sheath as a 
substitute of a measuring resistor. 

In the cells b, g and c, 76, 83, 85 represent push but 
tons for centralized and automated continuity control 
connected in series with testing signal current sources 77, 
84, 86, respectively, the circuits having terminals 73, 74, 
75, respectively, and 17, respectively. 

In the cell 0 there are furthermore arranged, connected 
in the protective conductor circuits, individual ampli?ers 
with transformers 93, 93a and push buttons 87, 87a, and 
two testing sources 89 (only one of which is given a refer 
ence character for clarity), furthermore resistors 97, 97a, 
which also may be reactors or impeders, fed each by an 
AC. or DC. testing source 95, which also may consist of 
condensers or batteries in series with throw-over switches 
94, 94a and recti?ers 96. In the distributing box d is 
shown at 122 an application of an overhead line having 
two wires used as leakage and protective conductors 6, 6a. 

In the distributing box e there is disposed a tuned cir 
cuit 37 connected to an ampli?er A feeding a coil 38 of 
a closing switch 30. The starting apparatus 13a has been 
provided with a push button 28 for closing. 

Furthermore, in the distributing box 1‘ the connection 
99 has been replaced by a contacting device 100. Further, 
electrochemical indicating devices 82, 82a are disposed. 
The starting device 25a is shown as a conventional con 

tact motorbreaker, provided with two measuring resistors 
92 (to only one of which is given a reference numeral 
for clarity), electrochemical indicators 82 and 82a (the 
latter shown in f). The starting device 25a is further pro 
vided with magnetic bars 88, 88a, an automatically oper 
ated two-way switch 98 and a manually operated two-way 
selector switch 28a with a neutral position. The motor 25 
is shown as equipped with two separated terminal points 
on its frame, the one for the incoming leakage current wire 
65, and the other for its return from the frame through 
the starting device 25a in series with a fuse 27, the switches 
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98 and 28a and one of the measuring resistors 92 to the 
leakage current branch 65a. 

In the cell g the power network is shown somewhat 
dilfering from those in the cells b and c in that the out 
going cable 105 has four and not three normally current 
carrying conductors, one of them being a zero-conductor. 
106 represents the leakage current wire and 106a the cable 
sheath. The cable is feeding the distributing box k, which 
contains, besides the bus bars 6, 6a and its measuring re 
sistors 109, 109a, four normally current carrying bus bars 
R-S-T-O. One of the outgoing cables in the distributing 
box k, the cable 107, is shown having a leakage current 
wire 112 with a cable sheath 112a connected in series to 
the measuring resistors 110, 110a, respectively. The cable 
feeds a heater 113 by the conductors T and 0 (zero-con 
ductor). The same is the case concerning the cable 108, 
which is feeding a bulb panel 114 by R and 0. Another 
bulb panel without reference number is shown connected 
to the phases S and T in another group. 
The various functions according to FIGS. 1A and 1B 

and partly according to the simpli?ed FIGS. 3A and 3B 
and 4A and 4B closely described in the following: 
The method of tracing and locating ground faults in 

networks according to FIGS. 1A and 1B does not sub 
stantially differ from the method as described in my c0 
pending application Ser. No. 693,083, FIG. 4, with the 
following exception. 

In FIGS. 1A and 1B are shown the normal positions of 
switches, closed or open as the case may be, when no 
leakage exists in the plant. 

If, however, a leakage should arise in the motor 13, the 
millivoltmeter 18 in the switchgear cell a would show a 
de?ection and an alarm relay would be released. 

While tracing and locating the ground fault, the breaker 
59 shall be disconnected by manually opening the switch 
58; after that the throw-over switch 5 shall be thrown 
over to the left. Under the presumption that the leakage 
current-limiting device 3 is automatically working, the 
pulser-interrupter 45 with its two-way changing contacts 
42, 41 have to be started by closing the switch 43. With 
the throw-over switch 49 in the position to the left as 
shown, the leakage current will not be recti?ed, but will 
remain an AC. current repeatedly interrupted. The milli 
voltmeter 8 in the cell b will then show rhythmic de?ec 
tions caused by the pulsating leakage current emanating 
from 13, and the tracing of it will be continued in the 
distributing box d in the measuring points 9, 10 and in 
the distributing box e in the points 11 and 12. The leak 
age must thus emanate from 13. 

Testing for undesired open or unstable connections, 
even as far as to a starting apparatus or a motor, in the 
protective circuits, the two protective branches 6, 6a also ~ 
may be laid out earlier described with reference to FIG. 4 
of my copending application by using the same elements. 

Centralized testing of the two branches, 6, 6a for de 
tecting and locating of undesired open or unstable con 
nections in the protective circuits, if leakage location is 
not to be performed, may be made easier and more quickly 
in the switchgear room by using the following additional 
details as per FIG. 1, for automating of the manner of 
proceedings. 

In each of the cells b, g, 0, there are provided push 
buttons 76, 83, 85, respectively, connected in series with 
testing sources 77, 84 and 86, respectively, the'frequen 
cies of ‘which dilfer from each other. The arrangement is 
connected to the common disturbance neutralizing ampli~ 
?er 20 over the selector switch 21 and its further con 
tacts 73, 74, 75, respectively. By the selector switch 21, a 
test voltage of any desired frequency thus can be imposed 
upon the bus-bars 6 and 6a by the common bus-bar trans 
former 19. By turning the selector-switch 21 for instance 
to the position 73 and pressing the push button 76 in 
the switch-gear cell b, this test voltage 77 will be in 
resonance with only a circuit 37 of a far distant distribut 
ing box e, and will there operate a coil 38 in a closing 
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contactor 30 by an ampli?er A so that by any mechani 
cal or electric timing device, such as a condenser-resistor 
circuit, the contactor 30 is held closed a desired short 
time, for instance during 2 to 10 seconds. In the switch~ 
gear room the operator may thus read on any of the in 
struments 8 and 8a in the cell b the total impedance in 
ohms of the two protecting branches 6, 6a in series from 
the said cell to the joint point 30 in desired distant dis 
tributing box, and he may also be able to detect, as to 
whether all of their connections in series, of the two 
branches 6, 6a, are reliable. 
The centralized testing for detecting of undesired open 

or unstable connections in said protective circuits 6, 6a 
may also be performed by using an individual testing 
source in each outgoing main cable of the cells instead 
of using the common bus-bar transformer 19. As shown 
in FIG. 3A there is disposed in the cell c a leakage cur~ 
rent wire testing transformer 93 in series with a push but 
ton 87 fed by an A.C. current testing source 89 ‘with the 
main frequency or with a frequency different from that 
in any other cell. In a far distant distributing box, fed 
by this line of the cell 0, but shown in box e in FIG. 3B 
there may be disposed either a tuned circuit 37 compris 
ing capacitor and coil in combination with an ampli?er 
A feeding the coil 38 of a contactor 30, or a relay and a 
contactor, in each case being provided with any timing 
device, as the occasion might require, which device auto 
matically disconnects the contactor after a suitable time. 
The centralized testing for detecting of undesired open 

or unstable joints in the protective circuits 6, 6a by using 
a common D.C. testing source instead of the common 
A.C. bus-bar transformer 19, or instead of the individual 
A.C. testing transformer 93, may offer certain advantages 
and may be performed by the following means as shown 
in FIGS. 3A and 3B. 

In the switchgear cell a is, like the bus-bar transformer 
19, inserted between the connections 14 and 6 a resistor 
66 (or reactor or impeder, in the drawing as a resistor), 
fed by any D.C. testing source, which may consist of 
batteries, condensers or, as shown, of recti?ers 67, the 
recti?ers fed by an A.C. source 68 in series with a throw 
over switch 69. 
When throwing 69 to its upper position, a DC. test 

ing current will ?ow in the protective circuit 6, 6a in the 
same manner as described above, when using the com 
mon bus'bar transformer .19 and when the switch 30 in 
FIG. 38 has been closed in a distant distribution box 2, 
or the push button 28 has been pressed down in a start 
ing apparatus. 
On the millivoltmeter 8, 8a in the concerned cell, the . 

total ohmic resistance in the said closed protective cir 
cuit can be read off as well as the stability of the circuit 
connections can be shown as a steadily pointing. 
When regularly throwing the switch 69 to the lower po 

sition and back to the upper positional manually, or 
automatically by using for instance the interrupting de 
vice 41 to 45, the testing D.C. pulses will be reversed and 
may influence the magnetically polarized bars 88 shown 
in f and in the starter 26a in the same manner as de 
scribed in my said Pat. 3,031,613 referring to FIG. 4. 
The testing for detecting of undesired open or un 

stable connections in the protective circuits ‘with the use 
of a DC. testing source, disposed in the individual 
leakage current wire 6 in each cell, is shown in the cell 
c in FIGS. 3A and 3B. The means are the same as those 
described above concerning the use of the common D.C. 
testing source, centrally disposed in the joint of the bus 
bars 6 and 6a in the cell a. Thus, in the cell c a resistor 
(reactor or impeder) 97 is inserted, fed with testing DC. 
from batteries, condensers or, as shown, recti?ers 96, 
with a throw-over switch 94 for manually or automati 
cally (by means of 41 to 45) interrupting and/or re 
versing of the testing DC. in the protective circuit. The 
recti?ers are fed by an A.C. source 95 of a desired fre 
quency. If desired, an ampli?er A can be disposed in a 
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distant distributing box e, operating the coil 38 of a con 
nector 30, as described above. Since the recti?ers 96 
will produce a DC. with an A.C. component, the use 
of a tuned circuit 37 is also possible, if desired. 

Thus, if the protective circuit will be closed manually 
by pressing a push button in a starting apparatus as 28 or 
by a switch as 30 in the most distantly situated distribut 
ing box, or be closed automatically by a connector 30 in 
such a distributing box, said connector being operated 
by a tuned circuit 37, an ampli?er or a relay, as desired, 
the operator can read off the total ohmic resistance and 
the reliability of the two closed branches 6, 6a of the 
protective circuit in 8, 8a in the actual cell. In those dis~ 
tributing boxes of the plant and in those starting appa 
ratus through which the test current will pass, the same 
values may be read on the millivoltmeters, and, if regular 
interrupting with or without reversing of the testing DC. 
will be used the magnetic bars 88 may perform oscillat 
ing movements, thus proving that the protective circuit 
is reliable and has no break. 

It is useful to insert an additional common bus-bar 
transformer 19a with its ampli?er 20a, as shown in FIG. 
4A, in the conductor from the ground-electrode 14a to 
the bus-bars of the protective systems in the connection 
14, for the following reasons; 
The feeding of the two bus'bar transformers 19 (20), 

19a (20a) from the same testing source makes it possi 
ble to impress on to the bus-bar and on to the ground 
electrode 14a about the same voltage and the same po— 
larity in relation to the bus‘bar 6a of the cable sheaths. 

Thus, the ground surface and the motor~frames con 
nected to the leakage wire system 6 may be equipoten 
tialized in relation to the cable sheaths, and ‘in relation 
to the metallic housings of distributing boxes and of 

> starting apparatus. 
By solely feeding the testing transformer 19a it is 

possible to ascertain whether any of the motor-frames, 
distributing boxes or starting apparatus has a less solid 
contact to surrounding grounded objects. 

Thus, if the housing of the distributing box d in FIG. 
4B has contact to the surrounding ground and the test 
ing transformer 19a solely will be excited by the oper~ 
ator, de?ections may be read only on the millivolt 
meter 8a in the switchgear cell b and on 8a in the dis 
tributing box d. 
The insertion of a third common testing transformer 

19aa in the bus-bar 6a of the cable sheaths, as shown in 
FIG. 4a, will render further useful possibilities, such as 
in combination with 19a for equipotentializing the ground 
surface and the electrically conducting cable sheaths 6a 
and the housings of distributing boxes and starting ap 
paratus in relation to the leakage current wire system 6. 
Possible ?owing of currents between the ground surface 
and housings of distributing boxes and starting appara 
tuses may be neutralized by that. 
The insertion of an additional direct current testing 

equipment 66a, 67a and of a third such equipment 66aa 
renders principally the same possibilities as described here 
above in combination with the testing and neutralizing 
bus-bar transformers. 
When interrupting without or with reversing of the 

testing current as described above, the de?ections may be 
read on the millivoltmeters 8, 8a and may also be ob 
served as oscillating movements of the magnetic bars 88, 
88a, shown in f in FIG. 3B. 
A disconnecting device 100 in the distributing box 

1‘ is shown in FIG. 3B. It is useful in some fault locat 
ing and disturbance current neutralizing to know if the 
conductive housing of a distributing box makes contact 
or not with or is mounted to a conductive low ohmicly 
grounded extended girder system or building part in a 
plant. If contact exists, it can be detected by opening 
of said disconnecting device 100 and at the same time 
reading the millivoltmeter across 90a, while e.g. testing 
for joints continuity of the protective circuit with the com 
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mon bus-bar transformers 19 or common bus-bar D.C. 
elements 66, or if testing for grounding, the millivolt 
meters across 90a and 70a will usually show less de 
?ection than before, and the meter across 90 will show 
a larger one, equally those across 91a, 92a, 92, 91, 90 
and 70. 
When a leakage has occurred in an intermittently work 

ing load object, for example, a motor, and when it may 
happen that this motor will be normally, perhaps auto 
matically, stopped when the locating operation is just go 
ing on at the same instant, this locating operation then 
cannot continue, because the leakage current has ceased 
when the motor was just disconnected, and the de?ection 
in the millivoltmeter or in the magnetic bars consequent 
ly has disappeared too. 

In FIG. 3B, therefore, accumulating and integrating 
indicating devices 82, 82a are shown in the distributing 
box 1‘ adapted to store up the indications as summation 
meters, and to show the result as a color-changing in the 
indicating device, and appropriated to retain the changed 
color only during such time as desired after the fault 
current has ceased. 

If the leakage current is recti?ed in only one direction, 
the color-changing indicator, as 82, will be suitable. The 
color will change back again more quickly, when a recti 
?ed current will be imposed in an opposite direction, that 
is, by using any of the DC. testing sources 66 or 97 or 
by disconnecting the correct one of the rectifying de 
vices 47, 48 as per FIG. 3A. 
The color-changing indicator 82a in FIG. 3B is ap 

plicable either for A.C. or DC. it may be provided with 
two recti?ers as shown or with only one placed in the 
center tap. The color will change back after a shorter or 
longer time as may be desired after the current ?owing 
through the device has ceased. 

Furthemore, in FIG. 313, by way of example, shown 
applications of the measuring and controlling devices as 
described above and here placed in a starting apparatus 
25a, shown as an automatic contactor. 
The starting apparatus shown is equipped with two 

measuring resistors 92 (to only one of which is applied 
to the reference character for clarity), magnetic bars 88 
and 88a, with two distant connecting points on the motor 
frame 25 to the leakage current wire 65 instead of nor 
mally one as shown on the motor frame 13, with a 
single-pole-double-throw automatic contact 98 and with a 
manually operated throw-over switch 28a. 
When throwing the switch 28a to the position at right, 

the leakage current wire 65 and that of the cable sheath 
65a will be connected together, since the contact 98 is ' 
closed, as shown, when the motor 25 is running. 
When throwing the switch 28a to the left, the same 

circuit is closed, when the motor is stopped, and when 
throwing the switch 28a. to the intermediate position, the 
circuit will be broken, disregarding whether the starter 
25a is on or off. 

Thus, by means of the switch 28a may be desired 
function of the starter 25a may be selected to be indicated 
and controlled in the different indicators 82, 92, 88 of the 
starter and in distributing boxes, such as in f, and ?nally 
in the switchgear cell 0. 
By using a separate wire as a return line of the leak 

age current wire from the motor frame 25 to the starter 
25a, it will be possible, by testing the protective circuits 
as described above, for controlling the reliability of these 
two connections to the frame too, which may be espe 
cially useful in the case, when the motor is placed far 
outside of a plant and is being fed by an overhead line. 
When the overhead line 122, shown near the distrib 

uting box d in FIG. 3B is provided with only one bare 
protective wire (a guard wire) ?xed for instance on con 
ventional porcelain insulators at the top of the posts, the 
said wire may be used as a leakage current wire 65 in 
these plants. 

If the overhead line as shown in FIGS. 1B and 2B is 
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equipped with two such bare protective wires, one of 
them may be used as the leakage current wire 65 and the 
other one as the conductor 65a. 
When the protective and measuring circuits belonging 

to the two bus-bar branches 6, 6a are carrying no cur 
rent under normal conditions, these circuits may be used 
as signal or telephone transmission lines as desired. For 
instance, orders and ordinary conversation may be sent 
from the switchgear room to all distributing boxes in the 
plant by using the common ampli?er 20 and the common 
bus-bar transformer 19. Communication and orders can 
even be sent to a special place only, that is, to the starting 
apparatus 25a in FIG. 3B and, of course, also in the oppo 
site direction, by using one of the individual test trans 
formers, such as 93 in FIG. 3A. If thereby disturbance 
causing currents would exist in the circuit, they might be 
neutralized as desired by neutralizing, for instance, by 
using 19m in FIG. 4A or 93a in FIG. 3A, respectively. 
A breakdown anywhere in the plant between any of 

the conductors R—S-T will cause the pertaining fuses to 
blow or overload relays to release and will sometimes not 
give a ground fault indication in the millivoltmeter 18. 
A breakdown between any of the live conductors and the 

zero~conductors, FIGS. 4A and 4B and 2A and 28 will 
' cause the same occurrence-—a phase fuse or an overload 
relay will operate and the ground fault voltmeter 18 usu 
ally will not show any de?ection or indication in the 
switchgear cell a. 

If. however, a contact would be made as a result of 
a ?ow in, or of a damage to a load object, for instance, 
in a heater such as 113, FIG. 4B, between its zero-con 
ductor and its metallic cover, practically no current will 
flow in the fault contact point. 

Because, however, even such a leakage is a symptom 
of a beginning occurrence of a defect that may continue 
to be a serious live conductor-to-ground-defect, it is nec 
essary to detect it at once and to have it precisely lo 
cated as soon as possible in order to have the fault re 
paired before a breakdown will happen. 

If said contact made by default is low-ohmic, a volt 
age drop of the zero-conductor between the heater 113 
and the neutral point n of the power source 1 would be 
large enough for imposing a leak current through the 
leakage current circuit 112, 6 in k, 109, 106, 7, 6, '16, 14, 
56, 59, 60, 17, to n, and the leakage current would be 
signalled as a de?ection in the leakage voltmeter 18 of 
the switchgear cell a and thereafter only in the instrument 
8 of the cell g and in the instrument 8 in the measuring 
points 109 and 110 of the distributing box k, and the leak 
age thus is located. 

If, in large networks, said de?ection of the instruments 
8 is varying and unstable, and if it might be useful to 
have the leakage current pulsated for easier identi?cation, 
said pulsing would be performed by switching off the 
breaker 59 in the switchgear cell a and by switching the 
changeover switches 5 and 49 to the left, starting the pul 
ser 45, 50 by closing 43 and reducing 3 until the leakage 
current has increased to an acceptable value, readable on 
the milliameter 2. 

If, however (in case 1), said leakage point of 113 
would be high-ohmic, or (in case 2) said voltage drop of 
the zero-conductor would vbe too small, or (in case 3) 
said zero-conductor would be a return conductor of light 
ing appliances having the bulbs connected symmetrically 
between each live conductor and the zero-conductor, for 
instance, giving a negligible differential current and thus 
a small voltage drop in the zero-conductor, said voltage 
drops would not be capable of producing a leakage cur 
rent great enough for causing readable de?ections on the 
leakage voltmeter 18 of the switchgear cell a. 
The same will be the case when (in case 4) a zero— 

conductor of the network happens to contact the ground 
surface, or (in case 5) all of the live conductors, f.i. 
R—S—T, contact the ground surface simultaneously, and, 
with equal resistances. 



3,560,850 
By periodically using a megohm-meter 103 by closing 

the switch 104 and at the same time disconnecting the 
breaker 59 (when no “ground” indication can be read on 
the millivoltmeter 18), the total insulation resistance of 
the network, when the plant is running, can be tested, and 
an existing leakage between any zero-conductor in the 
plant and any one of the two protective branches 6, 6a, 
or between a zero-conductor and the ground surface 14a 
may thereby be detected, since the megohm-meter will 
show a too small megohm value, that is, a too small de 
?ection of the pointer. 

Since even a symmetric leakage to the ground surface 
in A.C. or DC. networks (in cases 4 and 5), and, when 
an overhead line or a cable has gotten all of its two to 
four current carrying wires terminated in a load object 
accidentally soaked in water or liquid, will give no dif 
ferential current to the neutral point of the power source, 
the leakage millivoltmeter 18 will show no de?ection. 

Such a symmetric leakage, however, will also be de 
tected by the said megohm-meter by testing as described 
above. 

After having detected a too low insulation resistance by 
the megohrn-meter v103 as described, the locating of the 
unknown place of the fault will be performed as follows. 
For the cases 1-3: 
Assuming that an unknown leakage has occurred, such 

as mentioned before, in the heater 113, FIG. 4B or 2B 
between its current carrying zero-conductor and its elec 
trically conducting enclosure, the starting of the common 
leakage current bus-bar test transformer 19 will cause that 
a test current ?ows in the circuit 16, 6 in the cell g, 7, 
106, 109 in k, 6, 110, 112, 113, from the contact defect 
(leakage) to its zero-conductor, through the zero-con~ 
ductors in the cable 107, distributing box k, in cable 105, 
switchgear cell g and through its zero-bus bar 0 to the 
neutral point it, through the details 17, 60, the closed 
breaker 59, 56, 14 and back to 16. 
When said test current will pass through 56, the milli 

voltmeter ‘18 will show a de?ection, and so will 8 in the 
cell g, 109 in the distributing box k and the millivoltmeter 
connected to 110 in the cable 107, feeding the heater 113. 
The locating of the defect now has been performed and 

the leakage must be found in the heater 113. 
Assuming in cases 1-3 that the unknown leakage is be 

tween the zero-conductor in the cable 107 and the cable 
sheath 112a or in the starting apparatus, then, by energiz 
ing the cable sheath bus-bar test transformer 19aa, a test 
current will ?ow through the following circuit starting 
from 19aa: in the cell g: 6a, 7a; in k: 109a, 6a, 110a, 
112a, through its leakage in cable 107 or in its switchbox 
to the zero'conductor in said cable 107 and back through 
the Zero-conductor in the same details to the neutral point 
n of the power source 1, and then through 17, 60, 59, 56, 
and back to 14 and 19aa. 

De?ections will thus show up in 18 on the indication 
panel a and in 8a on the cell g, 109a in the distributing 
box k and eventually in 110a; therefore, the leakage must 
prevail between the zero-conductor and the cable sheath 
of the cable 107. 

‘For the cases 1-3, the locating of especially high—ohmic 
leakage between the zero-conductor and either one of the 
protective conductors 6, 6a of the network also can be 
made by using an AC. testing source, such as the pentode 
tube 47 placed in the adjustment wire of the switchgear 
cell a, f.i., in series to the regulating device 3. The switch 
5 then is to be thrown to the left for locating, and the 
switch 49 is thrown to a desired position for choosing be 
tween pulsating, rectifying and reversing of the test cur 
rent, and the breaker 59 is to be opened by 58. The cur 
rent paths from the leakage 113‘ and 112a will go the 
same paths as described above right to the neutral point 
n, and therefrom through the leakage adjustment wire 
17, 2, 3, and testing source as 47, further 41, 50, to 49; 

‘ or 47-48 to 49; 52, 5, 51, to 16 and 14; instead of the way 
17,60, 59, 56, 14 and 16. 
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For case 4, it will be assumed that the cable 107 of the 

distributing box k is substituted with a three-phase over 
head line, similar to 122 of the distributing box d, but 
having also a zero wire, that said .zero wire has been ac 
cidentally broken and has dropped to the ground surface; 
the test current will ?ow through the following circuit by 
using the ground conductor testing: transformer 19a; 19a, 
the ground electrode 14a, the ground surface right to the 
leakage place, the dropped zero-conductor, through the 
Zero~conductor to the Zero-bus-bar 0 of the distributing 
box k, through the zero-conductor of the cable 105 to 
the zero-bus-bar of the switchgear, to the neutral point n 
of the power source 1, from that through 17, 60, 59, 56, 
14, to 19a and back to the ground electrode 14a. 
Thereby, only the millivoltmeter 18 of the switchgear 

cell a will show a de?ection and the existence of this type 
of defect will be signalled and detected in this manner. 

Equally, the presence of the same kind of fault can be 
detected as a de?ection in the milliammeter 2 by using 
the pentodes 47 and 48 of FIG. 4A or 2A as testing AC. 
or DC. sources disposed in series to the control device 3 
of the leakage adjustment wire of the switch gear cell a; 
the switch 5 is then to be thrown to the left and 49 to the 
right and the breaker 59 opened. The test circuit then will 
be, seen from the testing source: 50, 49, 52, 5, 51, 16, 14, 
;14a, through the ground surface right to the dropped zero 
wire, the zero wire of the overhead line 107, the zero 
bus-bar of the box k, the zero-conductor of the cable 105, 
the zero~bus~bar of the switchgear cell g, the zero-bus-bar 
0 of the switchgear right to the neutral point 11 of the 
power source 1, therefrom to 17, 2 and 3 back to the 
testing sources 47, 48. 
A closer locating may be performed as follows without 

stopping the running of any load object in the plant or 
without disconnecting any current carrying zero-con 
ductor, by using the 47, 48 as a DC. test source accord 
ing to the above, or using 66a in the ground electrode 
conductor, instead of using the test transformer 19a, and 
combining with indicators acting by DC. 
By using the magnetic bars 881, placed in the active 

Zone of the zero-conductors, shown in cell g in FIGS. 
4A and 2A and in box k in ‘FIGS. 4B and 2B, the 
testing DC. of ‘66a reversed by 69a or the testing DC. 
of 47, 48 reversed by 41-42, may cause oscillating 
movements of some of the said bars; and the test cur 
rent may be traced in the circuit from the switchgear 
to the place of the ground fault by observing the de 
?ections in 18 and 2, respectively, in a manner described 
above, and the movements of the magnetic bars 88 near 
the zero-conductor in the switchgear cell g, and in the 
distributing box k and near the zero wire of the place 
overhead line of 107, and so on to the fault. 

Instead of the DC testing source 66a, it is possible 
to use, for said locating of a contact-to-ground of a zero 
wire belonging to an overhead line, the earlier mentioned 
testing D.C. source 47, 48 of the leakage indication wire 
for producing a recti?ed testing current, pulsated and 
reversed as desired, and sending it out through 3, .‘2 to 
the neutral point n of the power source 1 and into the 
Zero~network 0 (=zero) right to the leakage to the 
ground surface, therefrom returning through the ground 
electrode 14a, 14, 16, 51, 52, 49 to said D.C. testing 
source 47, 48. 
A start of a poor contact (a loose or defective con 

tact) anywhere in the energized network of a running 
plant may be automatically indicated as a general defect 
fault in the cell a of the switchgear room by using some 
new elements, described in the following, in combination 
with components and arrangements earlier described, hav 
ing the two branches 6, 6a of the protective and measur 
ing system serving as a signal transmission lines from the 
place of the start of a poor contact to the indication 
panel a in the switchgear room, the branch 6a consist 
ing of the conducting internal cable sheath or of an 
internal conductor as a substitute for it. Said arrange~ 
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ments also make it possible to trace, locate and repair 
the start of a poor contact without stopping any part of 
the running plant. 

In many cases such poor contacts in the live power 
circuits originate from vibrations, temperature changes 
or poor tightening of connections in distributing boxes, 
starting apparatus or load objects, and 'will usually gen 
erate heat, smoke and arcing, thereby soon causing a 
breakdown and a stop of the operations or sometimes 
even causing an open ?re, if the start of the poor con 
tact will not be promptly located and repaired. The new 
elements in these arrangements will consist of poor 
contact-sensing bodies, such as detectors of vibrations, 
capacity variations of the power current carrying wire, 
in which the poor contact is to be found, of temperature 
rise, of smoke and of electromagnetic radiation and ?ash. 

In FIG. 4B are shown, as an example, four tempera 
ture detectors as connecting devices in the shape of con 
tact thermometers 120, disposed inside the distributing 
box 2 and connected across two leakage current wire 
branches 6, 6a, which thus will be closed when any of 
the detectors 120 enters into function. 

Another kind of detector for ?ash, vibrations and/or 
rise of temperature is shown at 119, symbolizing a tran 
sistor or a resistor, the latter having a high negative tem 
perature coe?icient. Four of these resistors are shown 
connected in parallel and connected to a suitable com 
ponent inside the ampli?er A, operating the coil 38 and 
the connector 30, which thus will close the branches '6, 6a, 
when any one of the resistors will reduce its resistance by 
feeling heat which emanates from a beginning poor con 
tact in the distributing box. 
As a signal current source may serve the common 

protective bus-bar transformer 20, 19 or the common 
D.C. source 66 in the switchgear cell a; and as a re 
ceiver of the general signal current, released by the be 
ginning poor contact in the plant, the protective wire bus 
bar transformer 19aa are the bus-bar resistor 66aa may 
suitably serve, across each one of which an ampli?er A 
will be connected, which, if required, operates an alarm 
ing relay and signal bulbs in the switchgear room. 
The function of the said arrangement for indicating and 

locating a start of poor contact of live conductors is 
described in the following. 
Assuming a contact of the switch of the cable 101 in 

the distributing box e starts to deteriorate while the plant 
is running, a contact thermometer above the switch will 
feel the heat generated in the poor contact by the cur 
rent and will close the two wires 62, 62a. A signal cur 
rent, imposed by 20, 19 in the switchgear room will ?ow 
in the following circuit: 16, 6, 7, in b; 61, 9 in d; 6, 10, 
62, the contact thermometer in e, and back through 62a, 
10a in d; 6a in d; 9a, 61a, 7a in cell b; 6a (190a), “ml, 
14, 66, (19), 16. 

In the switchgear room this signal current will induce 
a voltage in 19aa or will cause a voltage drop across 
66m: and 66, thus operating an alarming relay. 
When locating the place of the said poor contact, while 

the plant is still running, it will be found that in the 
switchgear room only the instruments 8, 8a in cell 12 will 
show a speci?c de?ection, and so will also be the case in 
9a, 9 and 10a, 10 in the distributing box d, but not in 
11a, 11 in the next distributing box e. 
The place of the poor contact therefore must be lo 

cated in the switch box of e, its housing must be opened, 
the connections inside the box inspected, and the be 
ginning poor contact can be repaired by tightening it 
again, while the plant is still running. 
The said temperature reacting device of the type 120 

which had closed, must then be reset into its open position 
or must be replaced. The de?ections in the instruments 
8, 8a of the distributing box d and of the switchgear cell 
b will automatically cease and the alarming relay con 
nected to 19m: (or 66aa) may be reset manually in the 
switchgear room by the operator. 
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When using resistors with negative temperature co— 

e?icient, such as 119, shown in the same distributing 
box e, it is suitable to use the ampli?er A for operating 
the coil 38 of the connector 30 for closing the circuit 
6, 6a in e, when any of the bodies 119 has been in?uenced 
by heat. 

The operating manner will be exactly the same as de 
scribed above in case the devices 120 are being used. In 
this case, however, the instruments across 11, 11a in e 
will show the same de?ections as the other instruments. 

Another possibility of detecting a beginning poor con 
tact in live circuits consists in the using of the protective 
bus-bar 6 in the distributing box e as an antenna and 6a 
together with the cover of the box as a kind of ground. 

If a contact ‘begins to become poor, followed by arcing, 
the arc will generate electromagnetic waves and high 
frequency voltages in the surrounding wires and also in 
the protective wire bus-bar 6. Via the tuned circuit 37 
these high frequency voltages operate the ampli?er A 
which operates the coil 38 and closes the contactor 30, 
thus closing the signal circuit 6, 6a and giving a general 
signal of a beginning poor contact in the switchgear room 
as earlier described. Because the input terminals of the 
ampli?er A will be automatically short-circuited when 30 
closes 6, 6a, said contactor 30 again will drop to open 
position and the same process will be repeated. By means 
of a time-delaying device being disposed within the am 
pli?er A, as earlier mentioned, said alarming signal for 
poor contact can be given by 30 a repetition rate differing 
as desired from that of other signals. The method of lo 
cating may be the same as described above as by using 
the detecting devices 120 or 119. 

It is sometimes more suitable to use one or more 
separate wires 118 as antennae, or to combine them with 
the said bus-bar antenna 6. 

It is possible that in some plants the generated high 
frequency currents of said beginning arcs in a distributing 
box may be transferred through cables and distributing 
boxes, following the protecting branch wire 6 as far as 
into the switchgear room and there passing from its pro 
tective bus-bar 6 through the points 16, 14 to the pro 
tective bus-bar 6a, or partly to the ground electrode 14a, 
thereby being measurable across any of the details (19), 
66, 66aa, 19aa, or also across 66a, 19a, or possibly 56. The 
receiving instrument in the switchgear room may then 
be equipped with suitable tuned circuits and detectors 
for those high frequency currents and with ampli?ers for 
operating the alarming relay as described above. 
Two alarm bulbs connected in parallel and a drop relay 

for indicating a poor contact in the live circuits may, if 
desired, be disposed outside of each distributing box, 
and detectors of temperature, smoke, electromagnetic 
radiation, vibrations, etc. may be disposed in the sur 
rounding electric details anywhere in a plant, as desired. 

Instead of the common AC. or DC. signal sources 
19, 19a, 19aa and 66, 66a, 66aa, respectively, in the pro 
tective bus-bars 6, 6a, in the switchgear room, the indi~ 
vidual AC. or DC. signal sources in FIG. 3A as 93, 93a 
and 97, 97a in the switchgear cell c, or in a distributing 
box, as 35, 34 in e in FIG. 3B may be used. The possi 
bilities of receiving the signal current arriving into the 
switchgear room and of locating are the same as before. 
The extension and type of a plant constitute some of 
those factors which are determining the selection of com 
binations of signal sources and receiving devices as earlier 
mentioned. 

It might be repeated that the object of the present in 
vention is to produce means to detect, locate and, if pos 
sible, promptly to repair, While the plant is running, 
practically any beginning defect in any electric installa— 
tion or in its surroundings, which defect otherwise would 
cause a stop of the operations all over the plant or a stop 
of single object, said means being designed in such man 
ner that they automatically and continuously are super 
vising their own protective functions. 
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While the invention has been described and illustrated 
with respect to a certain preferred example which gives 
satisfactory results, it will be understood by those skilled 
in the art after understanding the principle of the inven 
tion, that various other changes and modi?cations may be 
made without departing from the spirit and scope of the 
invention and it is intended therefor in the appended 
claims to cover all such changes and modi?cations. 

Iclaim: 
1. In a system for detecting and locating beginning 

faults in and outside of energized electric networks for 
both A.C. and DC. current and in their surroundings 
having lines consisting of circuits having cables, said 
cables having electrically conductive internal cable covers 
connected to a second bus bar, said cables having wires 
for carrying leakage currents, said wires connected to a 
?rst bus bar, said networks comprising controllers and 
load objects having frames, distributing boxes, switch~ 
board cells, devices for excess-current protection for com 
ponents in said network and a neutral point, said neutral 
point being connected by way of a wire for leakage cur 
rent, signalling current and testing current adjustment 
to said ?rst branch bus bar for leakage current wires, 
said leakage current wires forming integral parts of said 
cables, a regulating device for current limitation inter 
ruption and recti?cation interposed in said current ad 
justment wire, a current measuring instrument in said 
current adjustment wire and a switch for closing and 
opening and rectifying said connection between said regu 
lating device and said ?rst branch bus bar, said ?rst 
branch leaking current wires being disposed in parallel 
to said main lines of said networks, said regulating de 
vice being adapted to prevent said leakage current from 
releasing said devices for excess current protection in 
said components, said ?rst branch bus bar and said ?rst 
branch leakage current wires serving as ?rst branch test 
circuits, said ?rst branch bus bar and said ?rst branch 
leakage current wires in the switchboard cells comprising 
?rst a measuring resistor in each of said leakage current 
wires in said switchboard cells, second subsequent measur 
ing resistors in said distributing boxes connected in series 
to said ?rst mentioned resistors and to further ?rst branch 
leaking current bus bars in the ?rst and the following 
of said distributing boxes, said ?rst and said subsequent 
measuring resistors having low resistance in relation to 
the impedance of said regulating device and of said leak 
age current and other currents appearing in said ?rst 
leak-age branch wires, indicator devices each comprising 
a voltmeter for indicating ground leakage signalling and 
testing current, said ?rst and said subsequent resistors 
being adapted to be connected to said indicator devices, 
said indicator devices also comprising magnetically pola 
rized bars located within the active zone of the magnetic 
?eld, said outermost of said leakage current wires of 
said ?rst testing branch terminating in said frames of 
said load objects, said frames having no contact with said 
internal cable covers, said internal cable covers being con 
nected in said switchboard cells to second branch measur 
ing resistors and to said second bus bars and in said dis 
tributing boxes to second branch bus bars connected to 
the covers of said distributing boxes, said cable covers 
terminating in said frames of said controllers only to a 
ground electrode in said switchboard, said two bar 
branches system having in at least one switchboard a 
?rst common signal transformer fed by a ?rst voltage 
ampli?er, said transformer secondarily connected across 
said ?rst and said second branch leakage current bus bars, 
said belonging ?rst voltage ampli?er, having its one 
input signal terminal connected to the neutral point 
of the power source, and its second by a two-position 
selector switch connected to some distrubance current 
generating load object, a plurality of switches in said 
distributing boxes and in controlling devices, said switches 
being connected across their two leakage current wire 
branches, said ?rst common signal transformer, said ?rst 
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ampli?er, said selector switch and said switches arranged 
for common neutralizing of disturbing currents appearing 
in said two leakage current wire branches and for com 
mon continuity testing of the joints of said circuits, said 
?rst ampli?er being capable of changing the phase dif 
ference of input and output signal voltages for perform 
ing of said common neutralizing; said system comprising, 
in combination, for centralizing of said continuity test 
ing of the joints of said two branches: in each one of 
said switchboard cells a push button in series with an 
A.C. signal voltage source in each one of said cells, the 
second terminal of said signal voltage source being con 
nected to an own contact point of said selector switch 
and the second terminal of said push ‘button being con 
nected to the neutral point of the power source of the 
plant, and having in one of said distributing boxes a 
signal receiving voltage ampli?er, a contactor for auto 
matically opening and closing of said two leakage cur 
rent bus bars, said contactor having a coil, said signal 
voltage receiving ampli?er operating said contactor coil 
connected to its two output terminals, said voltage ampli 
?er having an input circuit comprising capacitors and 
coils in combination connected across said two bus bar 
branches and across the two input terminals of said 
ampli?er, said input circuit constituting a tuned circuit, 
said circuit being tuned to said A.C. frequency equal to 
that of the voltage signal source which will cause said 
signal voltage to operate said ampli?er and said con 
tactor only at said resonant frequency, said contactor 
closed during a short interval when said push button 
in said switchboard cell is operated.v 

2. The combination as set forth in claim 1, having in 
each one of said switchboard cells an individual neutraliz 
ing and testing signal transformer in each of said two 
leakage current conductors of said signal main lines, a 
transformer being fed by the output voltage of said volt 
age ampli?er, which in series with a push button is con 
nected to an A.C. signal source, and having in preferred 
control apparatus as starter in the plant a manually 
operated two~way selector switch having a neutral posi~ 
tion in series with an other by said starter itself auto 
matically operated two-way switch connected across said 
two leakage current conductor branches manually op 
erated selector switch arranged, in positions to the right 
and left for verifying by the automatically closing of said 
two leakage current conductor branches if the pertaining 
load object is running or not and if said two protection 
conductor branches are continuous and reliable, or ar 
ranged in its center position for other useful testing 
purposes than leakage testing. 

3. The combination as set forth in claim 2 and having 
in said switchboard a common bus bar DC signal source 
for joints continuity testing and neutralizing, connected 
across said two leakage current bus bars, said DC. signal 
source consisting of a low-ohmic bus bar resistor with 
a center tap having two recti?ers. connected across said 
resistor, a three-position change-over switch connected 
in series to the one terminal of an A.C. source, the second 
terminal of said A.C. source being connected to said 
center tap of said resistor, and electrolytically acting indi 
cators connected across a shunt as a measuring resistor 
in series with said leakage current conductor in said dis 
tributing ‘boxes and in said controlling apparatus of the 
plant, said electrolytically indicators having color-vary 
ing and storing properties for receiving an indication for 
a desired time. 

4. The combination as set forth in claim 2 having in 
each one of said switchboard cells an individual neutral 
izing and testing DC. signal source in each of said two 
leakage current conductors of said main lines, said DC. 
signal source consisting of a resistor with a center tap, 
two recti?ers connected across said resistor, a three 
positions change-over switch having a neutral position, 
said switch connected in series to the one terminal of 
an A.C. source, the second terminal of said source being 
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connected to said center tap of said resistor, said change 
over switch operating automatically and synchronously 
with said pulsing devices of said leakage current adjust 
ment wire, regularly interrupting and reversing said pro— 
duced neutralizing and testing D.C. voltage. 

5. The combination as set forth in claim 1, further 
in said switchboard a common second and common third 
signalling, testing and disturbance neutralizing device, 
each comprising a said signal transformer fed by the 
output of a said voltage ampli?er, said second device 
being inserted in the ground electrode conductor, said 
third device inserted in said second ‘bus bar, a discon 
necting device in said distributing boxes, said second and 
third neutralizing devices giving, in combinations, neu 
tralizing effects of existing disturbance currents when 
locating a leakage and ascertaining the precise low-ohmic 
grounded object, said disconnecting device being adapted 
to disconnect, when necessary, the conductive envelope 
of said distributing box from second leakage current bus 
bar branch, if said envelope may be accidentally low 
ohmic grounded, for promptly locating and repairing 
complicated leakage in an important part of a big plant 
without discontinuing the running thereof. 

6. The combination as set forth in claim 5, further 
in said switchboard a common second and a common 
third neutralizing and testing bus bar DC. signal source, 
said second device being inserted in the ground electrode 
conductor, said third device being inserted in said second 
bus bar, said DC. signal testing sources and apparatus 
arranged, in combination for, among other things, said 
joint continuity testing and for said neutralizing when 
testing for grounds and for detecting and locating of the 
place of a broken and to ground dropped zero wire of 
an overhead line without discontinuing of the running 
of the plant. 

7. The combination as set forth in claim 1 wherein 
a suitable length of said electrically conducting internal 
cover of said cables and a suitable length of said leakage 
current wires is arranged as substitute for said measuring 
resistors. 

8. The combination as set forth in claim 5 wherein 
a cable, emanating from one of said switchboard cells 
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or from one of said distributing boxes terminates in an 
overhead line, said line having one or two protective 
wires ?xed to insulators at the top of posts, said pro 
tective wires serving as a continuation of one or both 
of said two leakage current wires and having measuring 
resistors, magnetic bars, electrolytic or other indicating 
devices included therein. 

9. The combination as set forth in claim 1, having in a 
switchboard cell a megohm metering instrument having 
two terminals, one of said terminals being connected to 
the bus bar of said second leakage current wire branch, 
said other terminal being connected in series with a con 
trol switch to said neutral point of said network, said 
megohm meter periodically controlling the total ground 
insulation resistance of said network, for detecting the 
existence of any accidental ground fault of the live 
network and of a slowly deteriorating of the total insu 
lation 'by growing symmetrically leakage to ground. 

10. The combination as set forth in claim 1 and 
having detecting apparatus in said switchboard cells, 
distributing boxes, controlling apparatus and load objects 
of said network for smoke, heat, arcing, other electro 
magnetic wave radiation, circuit capacitance variations 
and the like, said detecting apparatus operating on the 
input terminals of said signal receiving voltage ampli?er 
identical with or similar to said joint continuity testing 
ampli?er with its controls in said distributing boxes and 
having alarming devices comprising in the switchboard 
cells in big plants receiving apparatus identical with or 
similar to said neutralizing common or individual signal 
transformers or DC. signal source resistors connected 
to the input of their voltage ampli?ers, the output of 
said ampli?er connected to said alarming apparatus and 
as a signal current source, any of said other neutralizing 
transformer or resistor. 
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